Breast cancer is the most common female malignancy diagnosed worldwide (Ferlay et al, 2015) . Women aged 65 and over account for two-fifths of all breast cancer diagnoses (SEER Cancer Statistics Review, 1975 . As the population ages, the number of new breast cancers in older individuals is also expected to increase. Despite this, there is a lack of level I evidence on how to optimally treat earlystage breast cancer in elderly women, owing to relatively poor representation and accrual in clinical trials. There is also no universally defined age cutoff for what constitutes as 'elderly'. Some have considered the age of 70 to be the milestone age, stating that after this age there are significantly increased age-related physiological changes (Pallis et al, 2010) . Others, such as the European Medicines Agency, consider 65 years old to be the cutoff age (Pallis et al, 2010) . The aim of this review paper is to summarise available published research and guidelines on chemotherapy and anti-HER 2 therapy in the treatment of elderly women with early-stage breast cancer.
FUNCTIONAL ASSESSMENT
The Society of Geriatric Oncology (SIOG) created a task force in 2007 to provide evidence-based recommendations for the management of breast cancer in elderly patients (Wildiers et al, 2007) . Recommendations were updated in 2010 (Biganzoli et al, 2012) . No age cutoff was specified in the 2007 or 2010 guidelines (Wildiers et al, 2007; Biganzoli et al, 2012) . Instead of a strict age cutoff, the committee recommended to assess multiple factors of a patient including life expectancy, risks and benefits of treatment, patient preference, potential treatment barriers, in addition to chronological age (Biganzoli et al, 2012) . This is mirrored by the St Gallen International Expert Consensus, which also states that the decision for systemic treatment in elderly breast cancer patients should not be based solely on age (Coates et al, 2015) . The terms 'fit' and 'frail' have been used to distinguish between elderly patients who are independent in activities of daily living with or without minimal co-morbidities vs 'frail' patients who have severe co-morbidities and limited functional independence (Balducci and Extermann, 2000) .
Clinicians are often thinking in terms of 'fit' or 'frail' when assessing elderly patients in their practice. Clinicians are able to incorporate age-related issues such as co-morbidities and reduced organ function into their decision-making. In fact, a study looking at the impact of patient age on clinical decision-making in oncology showed that oncologists consistently scored age-related factors such as co-morbidity and frailty as more important than age itself (Rule et al, 2012) . Thus, why is chronological age an important issue at all? Interestingly in that same study, when oncologists were presented with case scenarios and asked to make a treatment decision, the most significant influence on the intensity of treatment oncologists would recommend was based on age alone (Rule et al, 2012) . Chronological age was ranked higher than agerelated issues such as co-morbidities, and social needs such as support networks (Rule et al, 2012) . This is an interesting situation, in that clinicians are aware that chronological age should not guide treatment decisions, but at the time of clinical decision-making, consciously or subconsciously, age becomes a significant factor. Thus, this presents a challenge as how to best manage elderly cancer patients. Assessment tools may be valuable in this setting as a way to help clinicians determine the functional status of a patient with less bias.
There have been many assessment tools that have been developed to help clinicians identify which elderly patients would benefit from adjuvant chemotherapy as opposed to those who would likely have significant toxicities from the treatment. Although there is currently no universally accepted standard method of assessment, the Comprehensive Geriatric Assessment (CGA) has been widely used (Stuck et al, 1993) . The CGA contains multiple domains assessing function, co-morbidity, nutrition, medication, socio-economic issues and geriatric syndromes (Stuck et al, 1993) . There is some evidence for its use in cancer patients. One study investigated whether CGA or clinical judgment was more effective at identifying diffuse large B-cell lymphoma patients that could benefit from curative chemotherapy (Tucci et al, 2009 ). The study enrolled 84 patients 465 years old, and they were classified as 'fit' or 'unfit' by CGA, but had curative or palliative treatment based on the clinical judgment alone (Tucci et al, 2009) . The results showed that the patients who were classified as 'unfit' by CGA, but 'fit' by the clinical judgment had poor outcomes, and patients who were classified as 'fit' by CGA and were treated with curative intent had the best survival outcomes (Tucci et al, 2009 ). However, CGA can be timeconsuming, requiring up to 45 min to administer and is usually carried out by a geriatrician (Biganzoli et al, 2012) . Thus, this method of assessment is generally not feasible to implement in routine clinical practice.
Therefore, shorter screening tools have been developed to allow for a more feasible assessment to be conducted in the clinic setting. One such tool is the G8 screening test, which has been studied in cancer patients and found to have a sensitivity of 77% compared with the CGA (Soubeyran et al, 2014) . The G8 screening tool consists of eight items relating to the categories of nutrition, motor skills, psychological status, medications and age (Bellera et al, 2012) . The SIOG recommends using a screening tool such as the G8, but it does not replace the CGA (Biganzoli et al, 2012) . If a screening tool is abnormal, the patient should be referred on to have a CGA (Biganzoli et al, 2012) .
A question that remains unanswered is whether these assessment tools have a meaningful clinical impact on breast cancer outcomes. For example, the G8 screening test did not predict for serious adverse events or treatment discontinuations in the ICE II-GBG 52 study (von Minckwitz et al, 2015) . This study compared adjuvant chemotherapy consisting of epirubicin and cyclophosphamide, or cyclophosphamide, methotrexate and 5-fluorouracil (CMF), with nab-paclitaxel and capecitabine for fit elderly patients (von Minckwitz et al, 2015) . However, a criticism is that patients in this study who had an abnormal G8 did not go on to have a CGA, as recommended by the SIOG (Biganzoli et al, 2012) . A small pilot study of 15 early-stage breast cancer patients aged 70 and older who received formal CGA testing, over a third of the patients, had their treatment altered following the formal geriatric testing (Girre et al, 2008) . However, whether the changes improved relevant clinical outcomes of these patients is unknown (Girre et al, 2008) . More studies are clearly needed to further characterise the clinical impact of these geriatric assessment tools in breast cancer patients.
ADJUVANT CHEMOTHERAPY
It is difficult to determine the magnitude of benefit elderly cancer patients derive from the adjuvant chemotherapy owing to the lack of level I evidence. This is because elderly patients are either often excluded and/or under-represented in the randomised clinical trials of adjuvant chemotherapy ± the targeted therapy. A metaanalysis looking at the trend of chemotherapy benefit in breast cancer patients by age group showed that there was a survival advantage from chemotherapy for patients up to the age of 69 years old (Early Breast Cancer Trialists' Collaborative Group (EBCTCG), 2005). After age 70, the benefit of chemotherapy was no longer statistically significant (Early Breast Cancer Trialists' Collaborative Group (EBCTCG), 2005). Of note, however, is that only a small proportion (4.1%) of the total number of patients were aged 70 years or older, thus limiting the statistical power and ability to detect an actual difference (Early Breast Cancer Trialists' Collaborative Group (EBCTCG), 2005).
There are a limited number of adjuvant chemotherapy trials that have focused specifically on an elderly breast cancer patient population. A CALGB study that included 633 women aged 65 years and older showed that there was a benefit from combination chemotherapy . The study randomised patients to either CMF or cyclophosphamide plus doxorubicin (AC) vs capecitabine . The aim of the study was to test for non-inferiority of capecitabine, which is potentially a more tolerable oral agent than poly-chemotherapy. The study showed that at 3 years, capecitabine was in fact inferior to polychemotherapy for both disease-free survival (DFS) and for overall survival (OS; Muss et al, 2009 ). The toxicity profile showed that fewer patients on the capecitabine arm had grade 3 or higher adverse events, although there were two deaths from treatmentrelated complications in the capecitabine arm . Assuming that capecitabine does not have a detrimental effect on DFS, this study would suggest that adjuvant poly-chemotherapy does in fact have an adjuvant impact in elderly patients with earlystage breast cancer.
The futility of capecitabine as adjuvant therapy for elderly patients with breast cancer was further confirmed by the ICE (Ibandronate with or without Capecitabine in Elderly Patients with Early Breast Cancer) study (von Minckwitz et al, 2014) . This study enrolled 1358 elderly women over the age of 65 with moderate to high-risk breast cancer to either ibandronate alone or in combination with capecitabine (von Minckwitz et al, 2014) . After 61 months of follow-up, both groups had a similar DFS and OS (von Minckwitz et al, 2014) . These two studies support the use of combination chemotherapy as standard of care for elderly patients, as opposed to single-agent capecitabine.
Though an advantage of combination chemotherapy over single-agent chemotherapy appears clear, the optimal chemotherapy combination is unknown. The ELDA (Elderly Docetaxel Adjuvant) trial randomised 299 women aged 65 and older to either CMF or weekly docetaxel (Punglia et al, 2015) . The results showed that there was no DFS difference between the two arms, but the docetaxel arm had more toxicities and an associated worse quality of life (Gori et al, 2015) . In the US Oncology Research Trial 9735 comparing AC vs docetaxel and cyclophosphamide (DC), DFS and OS were superior in the DC arm (Jones et al, 2009) . Subgroup analysis of patients aged 65 and older showed that older patients derived the same benefit from DC, but had more febrile neutropenia and anaemia with treatment (Jones et al, 2009 ). This conclusion is limited, in that only a small proportion of patients in the study (16%) were 65 years or older (Jones et al, 2009) . Table 1 lists the adjuvant clinical trials that have been conducted focusing on an elderly breast cancer patient population.
Adjuvant chemotherapy is feasible in fit elderly patients. However, when selecting a chemotherapy regimen for older patients, there is no 'one size fits all'. A taxane-based treatment may have improved outcomes (analogous to younger patients), but appears to come at a cost of increased toxicity. An anthracycline regimen may put elderly patients at increased cardiac toxicity especially if there is pre-existing heart disease (Aapro et al, 2011) . CMF may be an option if patients are unable to tolerate a taxane or anthracycline treatment. There are no studies on the use of sequential anthracycline-taxane regimen specifically in elderly patients. Therefore, clinicians should base the choice of the chemotherapy regimen on the patient's co-morbidities, risk of disease recurrence, risk for toxicities, patient preference and functional status -preferably following some form of formal functional assessment. . A systemic review of prospective randomised trials in patients aged 60 years and older showed a 47% relative risk reduction in elderly patients receiving trastuzumab compared with chemotherapy alone -a similar magnitude of benefit as seen in younger patients (Brollo et al, 2013) . Therefore, the use of trastuzumab should be considered standard of care for elderly patients with HER-2-positive disease that warrant systemic and targeted treatment similar to younger patients. The challenges are the increased toxicities that are unfortunately experienced in older patients.
The major toxicity associated with trastuzumab is the risk of cardiotoxicity, especially in older patients who are also more likely to have pre-existing cardiac disease. An independent review of the NSABP B31 and NCCTG N9831 trials showed that age 450 was one of the independent predictor for cardiac events, defined as heart failure, myocardial infarction or primary arrhythmias that resulted in death, or decline of at least 10 percentage points (absolute) from baseline left ventricular ejection fraction and a decline to o50% (Russell et al, 2010) . However, this result was not seen in the HERA trial that showed no difference in cardiac events in patients over and under 60 years old (de Azambuja et al, 2014) .
A cohort study of elderly patients (age 66 and over) looked at the rate of cardiotoxicity in patients who received trastuzumab and chemotherapy (anthracycline and/or taxane) compared with chemotherapy alone (Chavez-MacGregor et al, 2013) . The study showed a 10% increase in congestive heart failure in the group treated with trastuzumab and chemotherapy compared with the chemotherapy alone group (Chavez-MacGregor et al, 2013) . Among trastuzumab-treated patients, older age (age 480 years old) was one of the factors that increased the risk of congestive heart failure (Chavez-MacGregor et al, 2013) . Another retrospective study of elderly women aged 67-94 years of age compared different permutations of trastuzumab and chemotherapy ( ± trastuzumab±anthracycline/non-anthracycline chemotherapy; Chen et al, 2012) . Results showed that the addition of an anthracycline to trastuzumab was associated with the highest rate of cardiotoxicity (Chen et al, 2012) .
This finding was also seen in the BCIRG006 trial, although this study did not focus on older patients and had an upper age cutoff of 70 years old. This trial compared docetaxel, carboplatin and trastuzumab (TCH) with an anthracycline-taxane-trastuzumab regimen (AC-TH) for early-stage HER-2-positive breast cancer (Slamon et al, 2015) . The ten-year follow-up results show similar efficacy between the two arms; however, AC-TH had a five-fold increase in clinical congestive heart failures (Slamon et al, 2015) . Therefore, the use of a non-anthracycline chemotherapy and trastuzumab should be considered as an alternative regimen in elderly patients with either significant cardiac risk factors or underlying cardiac disease.
Another non-anthracycline regimen that may be more tolerable than TCH is weekly paclitaxel and trastuzumab (Tolaney et al, 2015) . This regimen has been studied in node-negative, HER-2-positive breast cancer with a primary tumour size of 3 cm or less, and demonstrated very favourable early clinical outcomes (3 year DFS of 98.7%; 95% CI 97.6-99.8%). Although this study did not focus on elderly patients, it may be an option for older patients with node-negative tumours who are otherwise not suitable for more aggressive chemotherapy. Currently, there are no clinical data on the use of monotherapy, trastuzumab alone, as treatment in elderly patients.
PREDICTION MODELS
Outcome prediction tools have been developed to help guide treatment decisions, and predict expected benefits to systemic and targeted therapy for individual breast cancer patients. Adjuvant! Online is a popular assessment programme that is available free online and provides information on breast cancer relapse and mortality (Ravdin et al, 2001 ). This programme was developed in a population of women aged 69 years and younger (Ravdin et al, 2001) . A validation study was conducted to see if Adjuvant! Online could accurately predict outcomes for older patients (de Glas et al, 2014 ). This study was tested in 2012 patients older or equal to 65 years old (de Glas et al, 2014) . The results showed that Adjuvant! Online overestimated the 10-year OS and recurrence-free survival by 9.8% and 8.7%, respectively, for older patients when co-morbidity was selected as average for age (de Glas et al, 2014) . The PREDICT tool is another computerised assessment tool used to calculate the 5-and 10-year outcomes from early-stage breast cancer (Wishart et al, 2010) . PREDICT included a cohort of almost 5700 women, of which a third were aged 65 years or over (Wishart et al, 2010) . When PREDICT was tested in the same population of 2012 older patients, the results showed that PREDICT had similar 5-year OS with a difference of 1.7%, but 10-year OS was overestimated, with a difference of 4.5% (de Glas et al, 2016) . The largest differences were observed in the oldest patients (485 years old) and in patients with multiple comorbidities (de Glas et al, 2016) . These results demonstrated that PREDICT appears to be a better prediction tool than Adjuvant! Online, however, it is still not perfect for elderly patients. New or improvements to existing models designed specifically for older patients are needed, and should incorporate functional assessment and elderly specific end points, such as risk for toxicity to treatment in addition to relapse and mortality risks.
ONGOING CLINICAL TRIALS
A few ongoing trials may help to improve upon our current evidence. The ASTER 70 s (GERICO, UCBG) is a multicentre phase III trial evaluating whether adjuvant chemotherapy increases survival in women over the age of 70 who are at high risk of relapse according to Genomic Grade (ClinicalTrials.gov identifier NCT01564056). RESPECT is a Japanese phase III trial in women over the age of 70, comparing monotherapy trastuzumab with trastuzumab þ chemotherapy with HER-2-positive early-stage disease (ClinicalTrials.gov identifier NCT01104935). The results from this study may be useful for elderly patients who are not candidates for chemotherapy, but whose tumours express the HER-2 protooncogene.
CONCLUSION
The adjuvant treatment of breast cancer in the elderly population is complex with lack of clear level I evidence with regard to selection of specific chemotherapy regimens and defined magnitude of benefit relative to rates of significant adverse events. Major issues include the lack of clinical trial inclusion specifically for elderly breast cancer patients and also differing upper age cutoffs used in the various studies. Selection bias of elderly patients enrolled onto clinical trials creates a challenge when attempting to extrapolate to routine clinical practice where the majority of the patients are not likely to be the 'fit of the fit'.
On the basis of the available evidence, fit elderly patients should be treated the same as their younger counterparts. Table 2 lists the current recommendations from three international consensus panels -SIOG/EUSOMA, St Gallen and ASCO -on the use of adjuvant systemic therapy in elderly breast cancer patients (Biganzoli et al, 2012; Coates et al, 2015) . The recommendation from the consensus groups is that, in clinical practice, clinicians should avoid using chronological age alone to make treatment decisions. This should also be applied to patient selection criteria in clinical trials. Eliminating upper age cutoffs from clinical trial design would be more in keeping with real-world practice and may potentially help to increase enrolment of fit elderly patients onto clinical trials. Furthermore, having a universal definition for the terms elderly and frailty would be valuable for consistency purposes moving forward.
Research is needed in this field to assess both pharmacogenomic and physiological factors to predict for greater toxicity in elderly patients relative to specific treatments received. In addition, more research is needed to assess the clinical impact of geriatric assessment tools in breast cancer outcomes as the data are lacking. However, the SIOG currently supports performing a screening test, such as the G8 screening test, in women aged 65 years or older in whom adjuvant chemotherapy ± trastuzumab is contemplated. If the G8 is abnormal, the patient should then be referred on to have a more formal geriatric assessment such as the CGA as performed by a geriatrician. 
